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(54) Map preparing method used for engine testing apparatus or vehicle testing apparatus, and 
engine testing apparatus 



(57) This invention provides a map preparing 
method used for an engine testing apparatus or a vehi- 
cle testing apparatus capable of preventing a peculiar 
driving state from being generated. 

This invention provides a map preparing method 
used for an engine testing apparatus or a vehicle testing 
apparatus comprising the steps of: varying a throttle 
valve from its fully closed position to its fully opened 
position while keeping rotation of an engine constantly, 
carrying out operation for storing an output torque N m at 
that time using at least three kinds of different engine 
rotation number, determining each of obtained torque 
curves A- E as actual machine data, and preparing a 
map based on the actual machine date, characterized 
by comprising the steps of: describing each of the 
torque curves A ~E on the same X-Y plane when a map 
is prepared based on the actual machine data; convert- 
ing actual machine data function for describing torque 
approximate curves a - e with respect to throttle open- 
ing degrees (X axis) on the same X-Y plane while mak- 
ing approximations to the torque curves; judging 
whether there exists intersection of torque approximate 
curves a ~ e; and automatically correcting one of the 
torque approximate curves c which can be judged as 
peculiar such that a value Y 1 of y-piece of the torque 
approximate curve c which is seemed to be peculiar 
among the intersecting torque approximate curves b,c 
in the judging step assumes a medium value Y 2 , Y 3 of 



values of y-pieces of each of the vertically adjacent 
torque approximate curves b,d. 

And this invention provides a map preparing 
method used for an engine testing apparatus or a vehi- 
cle testing apparatus capable of enhancing the simula- 
tion accuracy. 

This invention provides a map preparing method 
used for an engine testing apparatus or a vehicle testing 
apparatus comprising the steps of: calculating an aver- 
age value in throttle valve opening direction S and an 
average value in throttle valve closing direction G from 
variation of the throttle valve operation speed 33; deter- 
mining the average value of the throttle valve in the 
throttle valve opening direction S obtained by the calcu- 
lation as a representative value corresponding to the 
throttle valve operating in the throttle valve opening 
direction in a mode driving, operating the throttle valve 
in its opening direction in a state where the engine rota- 
tion number is made constant by this representative 
value and describing the torque curves 35 with a plural- 
ity of different engine rotation number, and preparing a 
map in the throttle valve opening direction based on the 
obtained torque curves 35, determining the average 
value of the throttle valve in the throttle valve closing 
direction G obtained by the calculation as a representa- 
tive value corresponding to the throttle valve operating 
in the throttle valve closing direction in a mode driving, 
operating the throttle valve in its closing direction in a 
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state where the engine rotation number is made con- 
stant by this representative value G and describing the 
torque curves 36 with a plurality of different engine rota- 
tion number, and preparing a map in the throttle valve 
closing direction based on the obtained torque curves 
36. 

And also this invention provides an engine testing 
apparatus capable of carry out a simulation of an actual 
vehicle running with high accuracy. 

This invention provides an engine testing apparatus 
comprising a dynamometer 3 connected to an output 
section 2a of an engine 2 under test which is to be 
tested a dynamo controller 3' for controlling the 

F i g 

140 



dynamometer 3, and an actuator 5 for controlling a 
throttle opening degree of the engine 2 under tes , the 
dvnamo controllers' and the actuator 5 are controlled to 
adjust an output of the engine 2 under test, wherein 
commands based on a temperature pattern 58 obtained 
based on temperature data of various portions around 
the engine obtained when an actual vehicle running is 
tested in accordance with a running pattern on a chas- 
sis dynamo from an apparatus for controlling the entire 
apparatus to various temperature adjusting dev.ces 51 
provided around the engine 2 under test. 




throttle opening degree (%) 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a map pre- 
paring method used for an engine testing apparatus or 
a vehicle testing apparatus, and relates to the engine 
testing apparatus. More particularly, the invention 10 
relates to a new preparing method in which learned 
data (actual machine data) which are base of a learning 
map for determining a throttle (accelerator) opening 
degree which is a target value for controlling an engine 
under test, or a learning map for determining a throttle is 
(accelerator) opening degree which is a target value for 
controlling a vehicle under test is defined as an expo- 
nential function or a multiple-degree equation function, 
thereby finding a peculiar point of learned data, and this 
peculiar point is automatically corrected to automatically 20 
prepare the learning map. The invention also relates to 
a new preparing method in which a torque curve when 
a throttle valve is varied from its fully closed position to 
its fully opened position at a constant speed, and a 
torque curve when the throttle valve is varied from its 25 
fully opened position to its fully closed position at a con- 
stant speed are used as data, and a learning map for 
determining a throttle (accelerator) opening degree 
which is a target value for controlling an engine under 
test based on the data, or a learning map for determin- 30 
ing a throttle (accelerator) opening degree which is a 
target value for controlling a vehicle under test is 
obtained. The invention also relates to an engine testing 
apparatus. 

35 

Description of the Prior Art 

[0002] A conventional vehicle simulation system 
carried out on a stage includes a function for leaning an 
engine under test (simply "engine", hereinafter), and a 40 
learning map is prepared from the learned data, and an 
engine is controlled based on the learning map. 
[0003] The learned data are prepared by varying 
the throttle valve while constantly keeping an engine at 
arbitrary rotation number, and by storing an output 45 
torque at that time (see Fig. 6). Fig. 6 shows a torque 
curve (actually measured value) when the throttle valve 
is varied from its fully closed position to its fully opened 
position at a constant speed. From this, a torque at one 
point with respect to the throttle valve opening degree in 50 
a certain engine rotation number (e.g., 2000 rpm) is 
determined. 

[0004] However, since torque curves A, B, C, D and 
E of various engine rotation number (1000 rpm, 1500 
rpm, 2000 rpm, 2500 rpm, 3000 rpm) intersect at low 55 
throttle opening degree in some cases, a peculiar por- 
tion is generated in a learning map prepared based on 
the learned data, and accuracy of the control is deterio- 



rated. For example, a peculiar driving state in which the 
throttle is closed for acceleration is generated. 
[0005] A first invention has been accomplished in 
view of the above circumstances, and an object of the 
first invention is to provide a map preparing method 
used for an engine testing apparatus or a vehicle testing 
apparatus capable of preventing a peculiar driving state 
from being generated. 

[0006] A throttle valve is varied while constantly 
keeping an engine at arbitrary rotation number (e.g., 
1500 rpm), an output torque at that time is stored and 
obtained output curves are determined as learned data 
40, and the learning map is prepared based on the 
learned data 40 (see Fig.8). Table 1 shows the learning 
map prepared by the conventional method. 



[Table 1] 
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[0007] In this learning map, an output torque (sim- 
ply "torque", hereinafter) at one point with respect to the 
certain engine rotation number and the certain throttle 
opening degree is determined. For example, when the 
engine rotation number which is a target value is 1 700 
rpm, if a value of 30 is desired as a target torque N m , 
referring to the learning map in Table 1 , a value of the 
throttle opening degree for generating the target torque 
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N m can be determined from values of 329, 464, 435 and 
563. 

[0008] Conventionally, the throttle opening degree 
is controlled only by varying the throttle valve from the 
fully closed position to the fully opened position, and this 
throttle opening degree is increased stepwise, for exam- 
ple/for every 5%. Whenever the throttle opening degree 
is increased for every 5%, it is necessary to wait until 
the torque is stabilized, and torque value is stored when 
it is stabilized. 

[0009] However, when the engine is held at the con- 
stant rotation number, a torque output when the throttle 
valve is operated in its opening direction and a torque 
output when the throttle valve is operated in its closing 
direction are different even the throttle opening degrees 
are the same. On the other hand, the conventional 
learned data can be obtained only from data when the 
throttle valve is fixed and the torque is stabilized as 
described above. Therefore, it is not possible to obtain a 
learning map corresponding to variation in a speed dur- 
ing running speed pattern of a mode driving. 
[0010] For example, it can be found from Fig.1 1 that 
actual vehicle data 38 showing a variation in throttle 
opening degree during actual vehicle running on a 
chassis dynamo prepared based on a running speed 
pattern I of a mode driving, and data 39 simulated in the 
conventional method are complicatedly crossing each 
other. In Fig.11, the pattern I is constituted by constant 
speed straight lines f, h, k, o, r, w, x, acceleration straight 
lines g, j, I, q and deceleration straight lines i, p, s and u. 
[0011] ' That is, from Fig.1 1 , the following points can 
be found: 



(1) For example, both the data 38 and 39 corre- 
' sponding to the acceleration straight line j do not 
coincide with each other. That is, since an output 
torque with respect to a throttle opening degree 
operated while referring to the learning map and a 
torque necessary for acceleration do not coincide 
with each other, the data 39 are deviated higher 
than the date 38 in the first half, and in order to cor- 
rect the deviation. of vehicle speed caused by this, 
the data 39 is deviated lower than the data 38 in the 
latter, half. 

(2) A vertical relation between the data 38 and 39 in 
the case of the acceleration straight line j anci the 
vertical relation between the data 38 and 39 in the 
case of the deceleration straight line p are reversed. 

(3) The same phenomenon is caused in the accel- 
eration straight line g and the deceleration straight 
line s. 

[0012] In this manner, since the accuracy of simula- 
tion is poor, it is difficult to accurately drive an engine 
with respect to the running speed pattern I of the mode 

driving. , 
[0013] A second invention has been accomplished 
in view of the above circumstances, and an object of the 



second invention is to provide a map preparing method 
used for an engine testing apparatus or a vehicle testing 
apparatus capable of enhancing the simulation accu- 
racy. 

5 [001 4] For verifying the performance of an automo- 
bile engine, there exists an engine testing apparatus 
comprising a dynamometer connected to an output sec- 
tion of an engine under test which is to be tested, a 
dynamo controller for controlling the dynamometer, and 
io an actuator for controlling a throttle opening degree of 
the engine under test, and the engine testing apparatus 
controls the dynamo controller and the actuator to 
adjust the output of the engine under test. 
[0015] In the conventional engine testing appara- 
15 tus, the rotation of the dynamometer is controlled by the 
dynamo controller, the throttle valve of the engine under 
test is controlled and operated, the output torque of the 
engine under test is controlled, thereby simulating the 
actual vehicle running. 
20 [0016] However, the conventional engine testing 
apparatus does not have a function for controlling tem- 
peratures of peripheral portions of the engine under test 
such as an engine cooling water temperature, a fuel 
temperature, an intake air temperature, an exhaust gas 
25 temperature and a lubricant temperature. Therefore, the 
temperature environment of an actual vehicle can not 
be reproduced, an engine behavior close to the actual 
vehicle can not be obtained and thus, high simulation 
accuracy can not be obtained. 
30 [0017] A third invention has been accomplished in 
view of the above circumstances, and an object of the 
third invention is to provide an engine testing apparatus 
capable of carry out a simulation of an actual vehicle 
running with high accuracy. 

35 

SUMMARY OF THE INVENTION 



[0018] To achieve the above object, the first inven- 
tion comprising the steps of: varying a throttle valve 
40 from its fully closed position to its fully opened position 
while keeping rotation of an engine constantly, carrying 
out operation for storing an output torque at that time 
using at least three kinds of different engine rotation 
number, determining each of obtained torque curves as 
45 actual machine data, and preparing a map based on the 
actual machine date, is characterized by comprising the 
steps of: describing each of the torque curves on the 
same X-Y plane when a map is prepared based on the 
actual machine data; converting actual machine data 
so function for describing torque approximate curves with 
respect to throttle opening degrees (X axis) on the same 
X-Y plane while making approximations to the torque 
curves; judging whether there exists intersection of 
torque approximate curves; and automatically correct- 
55 ing one of the torque approximate curves which can be 
judged as peculiar such that a value of y-piece of the 
torque approximate curve which is seemed to be pecu- 
liar among the intersecting torque approximate curves 
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in the judging step assumes a medium value of values 
of y-pieces of each of the vertically adjacent torque 
approximate curves. 

[0019] To achieve the above object, the second 
invention is characterized in that a method comprising 5 
the steps of: calculating an average value of throttle 
valve operating speed from variation of the throttle valve 
operation speed; determining the average value of the 
throttle valve operating speed obtained by the calcula- 
tion as a representative value corresponding to the w 
throttle valve operating speed in a mode driving, operat- 
ing the throttle valve in a state where the engine rotation 
number is made constant by this representative value 
and describing the torque curves with a plurality of dif- 
ferent engine rotation number, and preparing a map for 15 
determining the throttle opening degree based on the 
obtained torque curves. 

[0020] According to another aspect of the second 
invention, there is provided a map preparing method, 
which is used for an engine testing apparatus or a vehi- 20 
cle testing apparatus, comprising the steps of: calculat- 
ing an average value in throttle valve opening direction 
and an average value in throttle valve closing direction 
from variation of the throttle valve operation speed; 
determining the average value of the throttle valve in the 25 
throttle valve opening direction obtained by the calcula- 
tion as a representative value corresponding to the 
throttle valve operating in the throttle valve opening 
direction in a mode driving, operating the throttle valve 
in its opening direction in a state where the engine rota- 30 
tion number is made constant by this representative 
value and describing the torque curves with a plurality of 
different engine rotation number, and preparing a map 
in the throttle valve opening direction based on the 
obtained torque curves, determining the average value 35 
of the throttle valve in the throttle valve closing direction 
obtained by the calculation, as a representative value 
corresponding to the throttle valve operating in the throt- 
tle valve closing direction in a mode driving, operating 
the throttle valve in its closing direction in a state where 40 
the engine rotation number is made constant by this 
representative value and describing the torque curves 
with a plurality of different engine rotation number, and 
preparing a map in the throttle valve closing direction 
based on the obtained torque curves. 45 
[0021] To achieve the above object, according to 
the third invention, there is provided an engine testing 
apparatus comprising a dynamometer connected to an 
output section of an engine under test which is to be 
tested, a dynamo controller for controlling the 50 
dynamometer, and an actuator for controlling a throttle 
opening degree of the engine under test, the dynamo 
controller and the actuator are controlled to adjust an 
output of the engine under test, wherein commands 
based on a temperature pattern obtained based on tern- 55 
perature data of various portions around the engine 
obtained when an actual vehicle running is tested in 
accordance with a running pattern on a chassis dynamo 



from an apparatus for controlling the entire apparatus to 
various temperature adjusting devices provided around 
the engine under test. 

[0022] In the engine testing apparatus of the above 
structure, an apparatus for controlling the entire appara- 
tus outputs respectively, for example, commands based 
on the temperature pattern obtained based on tempera- 
ture data of various portions around the engine 
obtained when the actual running is tested in accord- 
ance with the running pattern on the chassis dynamo to 
various temperature adjusting devices provided around 
the engine under test, thereby making it possible to 
reproduce the temperature environment of the actual 
vehicle, and the engine behavior close to the actual 
vehicle can be obtained. Therefore, high simulation 
accuracy can be obtained. 

[0023] The commands based on the temperature 
pattern may be based on a virtual vehicle simulation. In 
this case, it is possible to arbitrarily carry out the simula- 
tion of a virtual vehicle by adding various conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Flg.1 is a characteristic diagram showing a torque 
approximate curve obtained by converting a torque 
curve with respect to a specific engine rotation 
number into function using exponential function 
approximation method according to an embodiment 
of a first invention; 

Fig.2 is a characteristic diagram showing torque 
approximate curves obtained by converting torque 
curve with respect to a plurality of engine rotation 
number into functions using exponential function 
approximation method according to the above 
embodiment; 

Fig.3 is a characteristic diagram showing torque 
approximate curves utilized for preparing a learning 
map required for control in which intersection por- 
tions generated at lower portion of the throttle open- 
ing degree are deleted according to the above 
embodiment; 

Fig.4 is a schematic view for explaining a structure 

of entire engine testing apparatus according to the 

first, second and third inventions; 

Fig.5 is a characteristic diagram showing torque 

approximate curves obtained by converting torque 

curve with respect to a plurality of engine rotation 

number into functions using exponential function 

approximation method according to another 

embodiment of the first invention; 

Fig.6 is a characteristic diagram showing torque 

curves corresponding to actual machine data used 

in each of the embodiments; 

Fig.7 is a view for explaining a structure of one 

example of a vehicle testing apparatus to which the 

first and second invention can be applied; 
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Fig. 8 is a view showing learned data used for pre- 
paring a learning map of an embodiment of the sec- 
ond invention and learned data used for preparing a 
conventional learning map; 
Fig. 9 is a view showing a variation in throttle valve 
operation speed obtained from the actual vehicle 
running on a chassis dynamo based on a running 
speed pattern of a mode driving; 
Fig. 10 is a view showing the relation between 
actual vehicle data showing a variation in throttle 
opening degree in the actual vehicle running on the 
chassis dynamo and data simulated by the second 
invention; 

Fig. 11 is a view showing the relation between 
actual vehicle data showing a variation in throttle 
opening degree in the actual vehicle running on the 
chassis dynamo and data simulated by a conven- 
tional method; 

Fig. 12 is a schematic view showing a structure of a 
system for controlling temperature of a cooling tank 
of a radiator mounted to an engine under test; and 
Fig. 13 is a block diagram showing one example of a 
control system in the engine testing apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0025] An embodiment of a first invention will be 
explained below with reference to the drawings. 
[0026] Fig.1 shows a torque approximate curve a 
obtained by functionally converting a torque curve A 
when the engine rotation number is 1000 rpm among 
torque curves A, B, C, D, and E as actual machine data 
shown in Rg.6 using exponential function approxima- 
tion method. The torque curves A, B, C, D, and E can be 
obtained in an engine testing apparatus 1 (which will be 
described later) constituting a vehicle simulation system 
carried out on a stage. 

[0027] In Fig.2, torque approximate curves a, b, c, 
and d obtained by functionally converting the torque 
curve A when the engine rotation number is 1000 rpm, 
a torque curve B when the engine rotation number is 
1500 rpm, a torque curve C when the engine rotation 
number is'2000 rpm, a torque curve D when the engine 
rotation number is 2500 rpm among the torque curves 
A, B, C, D and E are described on the same X-Y plane. 
[0028] ' Of the torque approximate curves b an c 
intersecting in Fig.2, the torque approximate curve c is 
defined as a peculiar curve, and this is automatically 
corrected, and Fig.3 shows a characteristic view of the 
automatically corrected the torque approximate curve c. 
[0029] Fig.4 shows the engine testing apparatus 1 . 
[0030] in Fig.4, an output shaft 2a of a engine 2 
under test (simply "engine" hereinafter) and a driving 
shaft 3a of a dynamometer 3 are detachably connected 
to each other through a clutch 4. A dynamo controller 4 
controls the dynamometer 3. A throttle actuator 5 con- 
trols the throttle opening degree of the engine 2. A com- 



puter 6 controls the dynamo controller 4 and the throttle 
actuator 5 through an interface 7. 
[0031] The symbols 8 and 9 respectively represent 
a torque measuring device and a torque amplifier The 
5 symbol 10 represents a clutch actuator. The symbol 1 2 
represents a target vehicle speed pattern. 
[0032] As a first step for preparing a learning map, 
actual machine data (learned data) are prepared. The 
actual machine data are raw data obtained by variation 
10 of engine condition on engine dynamo. That is, an oper- 
ation for varying the throttle valve from its fully closed 
position to its fully opened position while constantly 
keeping the engine rotation number and storing the out- 
put torque at that time is carried out at each of engine 
15 rotation number of 1000 rpm, 15000 rpm, 2000 rpm, 
2500 rpm and 3000 rpm, and output torque at that time 
is stored in the computer 6. Fig.6 shows torque curves 
A B, C, D, and E described on the same X-Y plane. The 
obtained torque curves A, B, C, D, and E correspond to 
20 respective engine rotation number. 

[0033] Next, in this embodiment, these torque 
curves A, B, C, D, and E are functionally converted by 
exponential function approximation method. 
[0034] Next, it is judged whether torque approxi- 
25 mate curves a, b, c, d (see Fig.2) functionally converted 
and described on the same X-Y plane are intersecting. 
In Fig.2, since the torque approximate curve e corre- 
sponding to the torque curve E does not intersect with 
any other torque approximate curves a, b, c, d, the 
30 torque approximate curve e is omitted. 

[0035] In this embodiment, it can be seen that the 
torque approximate curves b and c are intersecting at a 
low portion of the throttle opening degree from Fig.2. A 
value of y-piece of the torque approximate curve c is 
35 defined as Y 1 . I Y 1 l=L . A value of y-piece of the torque 
approximate curve b is defined as Y 2 . I Y 2 I -M . A 
value of y-piece of the torque approximate curve d is 
defined as Y 3 . I Y 3 I =N . Herein, L<M<N. 
[0036] Either one of the intersecting torque approx- 
40 imate curves b and c is defined as peculiar, and it is 
automatically corrected. 

[0037] Fig.3 shows a case in which the torque 
approximate curve a is defined as peculiar, and it is 
automatically corrected. In this case, it is considered 
45 that the torque approximate curve c is sandwiched 
between the torque approximate curves b and d over 
the entire throttle opening degree (X axis) except pecu- 
liar portion (intersecting portion) 1 1 intersecting with the 
torque approximate curve b. 
50 [0038] The torque approximate curve c is re- 
defined as a torque approximate curve c' (see Fig.3) 
such that the value of the y-piece of the torque approxi- 
mate curve c assume a medium value of the torque 
approximate curves b and d sandwiching the torque 
55 approximate curve c, thereby carrying out the automatic 
correction. That is, as shown in Fig.3, a value of the y- 
piece of the torque approximate curve c' is Y 4 , 
IY 4 l=R=(L+M)/2. 
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[0039] With this, the intersecting portion 1 1 gener- 
ated at the low portion of the throttle opening degree 
can be deleted, and it is possible to prepare a learning 
map necessary for control in which a peculiar portion 1 1 
is deleted from all torque approximate curve a, b, c, d, 
angle. 

[0040] From this learning map, an excellent target 
throttle (accelerator) opening degree for engine control 
can be determined. For example, when the target 
engine rotation number 1700 rpm, if 30 is desired as a 
target torque N m , referring to the learning map in Table 
2, a value of the throttle (accelerator) opening degree 
for generating the target torque N m can be determined 
from values of 329, 464, 435 and 563. 



[Table 2] 



[0041] As another embodiment, the torque approxi- 
mate curve b can be defined as peculiar, and this may 
be automatically corrected as shown in Fig.5. In this 
case, it is considered that the torque approximate curve 
b is sandwiched between the torque approximate 
curves a and c over the entire throttle opening degree 
(X axis) except peculiar portion (intersecting portion) 1 1 
intersecting with the torque approximate curve c. 
[0042] Although the number of peculiar portion 



w 



15 





rpm 1500 


2000 


2500 


3000 


3500 




Nm 












20 


-140 


0 


0 


0 


0 


0 




-35 


0 


0 


0 


0 


0 




-30 


0 


0 


0 


0 


0 




-25 




u 


r\ 
u 


1 OO 


0"7Q 


25 


-20 


0 


45 


112 


262 


345 




-15 


30 


135 


202 


330 


435 




-10 


82 


195 


284 


397 


465 


30 


-5 


135 


247 


344 


412 


480 




0 


180 


300 


367 


435 


517 
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4096 
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50 



55 



(intersecting portion) 11 of the torque approximate 
curves is one in the above embodiment, the present 
invention can also be applied to a case in which there 
are a plurality of peculiar portion (intersecting portion). 
In this case, the above-described technique may toe 
repeated by the number of the peculiar portion (inter- 
secting portion) until the peculiar portion (intersecting 
portion) disappears. 

[0043] In each of the above embodiments, the 
learning map preparing method used for the engine 
testing apparatus 1 is described, but the first invention 
can also be applied to a vehicle testing apparatus using 
a chassis dynamometer. 

[0044] Fig.7 shows one example of the vehicle test- 
ing apparatus. In Fig.7, the symbol 21 represents a rota- 
tion roller on which the driving wheel 22a of a vehicle 22 
under test is mounted, and the symbol 23 represents a 
chassis dynamometer operatively connected to the 
rotation roller 21 through the shaft24. This chassis 
dynamometer 23 corresponds to the dynamometer 3 of 
the engine testing apparatus 1. The symbol 25 repre- 
sents a flywheel provided on a shaft24, and the symbol 
26 represents a speed sensor provided on the shaft 24. 
The speed sensor 26 corresponds to a sensor (not 
shown) for outputting a rotation measurement value in 
Hg.4 showing the engine testing apparatus 1 . This sen- 
sor is provided in an engine 2 shown in Fig.4 in the 
engine testing apparatus 1 . The symbol 27 represents a 
torque sensor provided in the chassis dynamometer23, 
and this corresponds to the torque measuring device 8 
of the engine testing apparatus 1 . The symbol 28 repre- 
sents a running resistance generator for generating a 
target running resistance signal T corresponding to an 
actual running speed signal v sent from the speed sen- 
sor 26. The symbol 29 represents a chassis dynamo 
controller for driving and controlling the chassis 
dynamometer 23 such that a running resistance (target 
running resistance) corresponding to the actual running 
speed is applied to the driving wheel 22a based on a dif- 
ference signal between an actual running resistance 
signal t sent from the torque sensor 27 and a target run- 
ning resistance signal T sent from the running resist- 
ance generator 28. The symbol X represents a driver's 
aid display unit on which a set target driving pattern V 0 
(target vehicle speed pattern 12 in Fig.4) and a variation 
of data position V showing driving state of actual current 
time (actual running speed signal v of current time sent 
from the speed sensor 26) are displayed such that the 
driver of the vehicle can visually check. 
[0045] As described above, according to the first 
invention, learning data (actual machine data) which are 
base of a learning map for determining a throttle (accel- 
erator) opening degree which is a target value for con- 
trolling an engine under test, or a learning map for 
determining a throttle (accelerator) opening degree 
which is a target value for controlling a vehicle under 
test is defined as an exponential function or a multiple- 
degree equation function, thereby finding a peculiar 
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point, and this peculiar point is automatically corrected 
to automatically preparing the learning map. Therefore, 
a map having no peculiar portion (intersecting portion) 
can be made, and there is effect that the control accu- 
racy is enhanced. 

[0046] An embodiment of a second invention will be 
explained below. 

[0047] Fig.8 is a view showing learned data used 
for preparing a learning map of the second invention 
and learned data used for preparing a conventionai 
learning map. Fig.4 shows the engine testing apparatus 
1 constituting a vehicle simulation system carried out on 
a stage. Fig.9 shows a variation in throttle valve operat- 
ing speed obtained from the actual vehicle running on 
the chassis dynamo based on a running speed pattern 
J of a mode driving different from a running speed pat- 
tern 1 of a mode driving employed in Fig. 1 1 - Fig. 10 
shows the relation between the actual vehicle data 38 
showing a variation in throttle opening degree in the 
actual vehicle running on the chassis dynamo and data 
37 simulated by this invention. 

[0048] In Fig.4, the output shaft 2a of the engine 2 
under test (simply "engine" hereinafter) and the driving 
shaft 3a of the dynamometer 3 are detachably con- 
nected to each other through the clutch 4. The dynamo 
controller 3' controls the dynamometer 3. The throttle 
actuator 5 controls the throttle opening degree of the 
engine 2, The computer 6 controls the dynamo control- 
ler 3* and the throttle actuator 5 through the interface 7. 
[0049] The symbols 8 and 9 respectively represent 
the torque measuring device and the torque amplifier. 
The symbol 1 1 represents a clutch actuator. 
[0050] As a first step for preparing a learning map, 
a variation in operating speed of the throttle valve which 
opens and closes in association with the accelerator 
pedal is obtained from the actual vehicle running on the 
chassis dynamo in corresponding manner to variation in 
speed in the running speed pattern I of the mode driv- 
ing. 

[0051] For the sake of convenience, a method for 
obtaining the variation in the throttle valve operation 
speed and then, from this result, calculating the average 
value of the throttle valve opening direction and the 
average value of the throttle valve closing direction will 
be explained for a case in which it is obtained from the 
running speed pattern J of the simplified mode driving 
as shown in Fig.9 not from the running speed pattern I 
of the mode driving shown in Figs.10 and 11. This is 
because even when the running speed pattern I is 
employed, the average value can be obtained by the 
same method. 

[0052] In Fig.9, the running speed pattern J is set to 
such a target value that the speed passes through a 
transient portion W of an acceleration (transient) 
straight 31 which varies straightly from an idling portion 
Q of a constant speed (steady) straight line 30, and 
again reaches a constant speed portion E of a constant 
speed straight line 32, and further reaches a transient 
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portion R of a deceleration (transient) straight line 33 
which straightly varies from the constant speed portion 
E. 

[0053] During the actual vehicle running on the 
chassis dynamo, a variation of the throttle valve operat- 
ing speed is obtained in corresponding manner to the 
variation in speed during the running speed pattern J. 
The symbol 34 represents variation data of the obtained 
throttle valve operating speed. 

[0054] Next, the average value of the throttle valve 
opening direction and the average value of the throttle 
valve closing direction are calculated from the variation 
data 34. 

[0055] The average value S of the throttle valve 
opening direction is arithmetical average value obtained 
by dividing a total sum of data • • • F n of portion 
higher than the horizontal axis X (Y>0) by the number of 
data (n). 

[0056] The average value G of the throttle valve 
closing direction is arithmetical average value obtained 
by dividing a total sum of data • • • P m of portion 
lower than the horizontal axis X (Y<0) by the number of 
data (m). 

[0057] The torque curve is obtained by operating 
the throttle valve in its opening direction (the throttle 
opening degree is continuously varied from 0 to 100%) 
in a state where the engine rotation number is kept con- 
stant (e.g., 1500 rpm) at the representative value S. 
That is, the throttle valve is varied from the fully closed 
position to the fully opened position at the constant 
speed shown with the representative value S, thereby 
obtaining the torque curve 35 shown in Fig.8. 
[0058] Further, using a plurality of engine rotation 
number different from 1500 rpm, torque curves (not 
shown) are obtained by the same method. For example, 
while keeping 2000 rpm, the throttle valve is operated in 
the opening direction (the throttle opening degree is 
continuously varied from 0 to 100%) at the representa- 
tive value S, and the torque curve is obtained. Based on 
the obtained torque curves, a map in the throttle valve 
opening direction is prepared. The following Table 3 is a 
prepared learning map. 
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(Table 3] (continued) 



(Table 4] (continued) 
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[0061] 


In this manner, the throttle opening degree is 



[0059] On the other hand, the torque curve is 
obtained by operating the throttle valve in its closing 
direction at the representative value G in a state where 
the engine rotation number is kept constant (e.g., 1500 
rpm). That is, the throttle valve is varied from the fully 
closed position to the fully opened position at the con- 
stant speed shown with the representative value G, 
thereby the throttle opening degree is continuously var- 
ied from 1 00 to 0%, and the torque curve 36 shown in 
Fig.8 is obtained. In this case also, using a plurality of 
engine rotation number different from 1500 rpm, torque 
curves (not shown) are obtained by the same method. 
[0060] Based on the obtained torque curves, a map 
in the throttle valve closing direction is prepared. The 
following Table 4 is a prepared learning map. 
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the throttle valve opening direction when the throttle 
valve is operated in the opening direction during the 
running speed pattern J, and using the learning map in 
the throttle valve closing direction when the throttle 
valve is operated in the closing direction. Therefore, it is 
possible to moderate the deviation of the throttle open- 
ing degree which is caused in the conventional tech- 
nique, and high simulation accuracy can be obtained. 
[0062] If this method is applied to the running speed 
pattern I shown in Fig. 10, the following facts can be 
found from Fig.10. In Fig.10, elements having the same 
symbols as those shown in Fig. 11 are the same ele- 
ments or similar elements. The symbol 38 represents 
actual vehicle data showing a variation of the throttle 
opening degree in the actual running on the chassis 
dynamo prepared based on the running speed pattern I 
of the mode driving. The symbol 37 represents data 
simulated by this invention. From Fig.10, it can be found 
that both the data almost coincide with each other. 
[0063] That is, 

(1) For example, both the data 38 and 37 corre- 
sponding to the acceleration straight line e coin- 
cide. This means that reproduction of the engine 
state is enhanced in the transient portion H. 

(2) Similarly, for example, both the data 37 and 38 
corresponding to the deceleration straight line i also 
coincide. 

(3) The same phenomenon is generated also in the 
acceleration straight line b and the deceleration 
straight line I. 

[0064] From these learning maps, a target throttle 
(accelerator) opening degree having high accuracy in 
engine control can be determined. For example, when 
the target engine rotation number is 1700 rpm, if 30 is 
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desired as a target torque N m , when the throttle valve is 
operated in the opening direction, referring to the learn- 
ing map in Table 3, a value of the throttle (accelerator) 
opening degree for generating the target torque N m can 
be determined from values of 329, 464, 435 and 563. 
On the other hand, when the target engine rotation 
number is 1700 rpm, if 30 is desired as a target torque 
N m , when the throttle valve is operated in the closing 



direction, referring to the learning map in Table 4 
instead of Table 3, a value of the throttle (accelerator) 
opening degree for generating the target torque N m can 
be determined from values of 319, 454, 425 and 553 
which are different from those when the throttle is oper- 
ated in the opening direction. 

[0065] In each of the above embodiments, the 
learning map preparing method used for the engine 
testing apparatus 1 is described, but the first invention 
can also be applied to a vehicle testing apparatus using 
a chassis dynamometer. 

[0066] Fig.7 shows one example of the vehicle test- 
ing apparatus. In Fig.7, the symbol 21 represents a rota- 
tion roller on which the driving wheel 22a of a vehicle 22 
under test is mounted, and the symbol 23 represents a 
chassis dynamometer operatively connected to the 
rotation roller 21 through the shaft24. This chassis 
dynamometer 23 corresponds to the dynamometer 3 of 
the engine testing apparatus 1. The symbol 25 repre- 
sents a flywheel provided on a shaft24, and the symbol 
26 represents a speed sensor pirovided on the shaft 24. 
The speed sensor 26 corresponds to a sensor (not 
shown) for outputting a rotation measurement value in 
Fig.4 showing the engine testing apparatus 1 . This sen- 
sor is provided in an engine 2 shown in Fig.4 in the 
engine testing apparatus 1 . The symbol 27 represents a 
torque sensor provided in the chassis dynamometer23, 
and this corresponds to the torque measuring device 8 
of the engine testing apparatus 1 . The symbol 28 repre- 
sents a running resistance generator for generating a 
target running resistance signal T corresponding to an 
actual running speed signal v sent from the speed sen- 
sor 26. The symbol 29 represents a chassis dynamo 
controller for driving and controlling the chassis 
dynamometer 23 such that a running resistance (target 
running resistance) corresponding to the actual running 
speed is applied to the driving wheel 22a based on a dif- 
ference signal between an actual running resistance 
signal t sent from the torque sensor 27 and a target run- 
ning resistance signal T sent from the running resist- 
ance generator 28. The chassis dynamo controller 29 
corresponds to the dynamo controller 3' of the engine 
testing apparatus 1 . The symbol X represents a driver's 
aid display unit on which a set target driving pattern V 0 
(corresponding to running speed pattern I in Figs.10 
and 1 1 , and the running speed pattern J in Fig.9) and a 
variation of data position V showing driving state of 
actual current time (actual running speed signal v of 
current time sent from the speed sensor 26) are dis- 
played such that the driver of the vehicle can visually 



check. 

[0067] As described above, according to the sec- 
ond embodiment, the average value of throttle valve 
operating speed is calculated from variation of the throt- ^ 
5 . tie valve operation speed; the average value of the throt- 
tle valve operating speed obtained by the calculation is 
determined as a representative value. corresponding to 
the throttle valve operating speed in a mode driving, the 
throttle valve is operated in a state where the engine 
10 rotation number is made constant by this representative 
value and describing the torque curves with a plurality of 
different engine rotation number, and a map for deter- 
mining the throttle opening degree based on the 
obtained torque curves is prepared. Therefore, it is pos- 
ts sible to control the engine to a throttle valve opening 
degree corresponding to the throttle valve operating 
speed, and high simulation accuracy can be obtained. 
[0068] Especially, the throttle valve is operated at 
' the representative value of the throttle valve operating 
20 speed, the data for preparing the learning map are pre- 
pared by storing the torque curve when the throttle valve 
is operated from the fully closed position to the fully 
opened position at the representative value (constant 
speed) and the torque curve when the throttle valve is 
25 operated from the fully opened position to the fully 
closed position at the representative value (constant 
speed). Therefore, it is possible to control the engine to 
a throttle valve opening degree corresponding to both 
the throttle valve opening direction and closing direc- 
30 tion, and high simulation accuracy can be obtained. 
[0069] Next, an embodiment of a third embodiment 
will be explained with reference to the drawings. Figs.4, 
1 2 and 1 3 show one embodiment of this invention. First, 
Fig.4 schematically shows the entire structure of the 
35 engine testing apparatus according to the third inven, 
tion. In Fig.4, the symbol 2 represents the engine under 
test, the symbol 3 represents the dynamometer con- 
nected to the output section of the engine under test, 
and this is controlled by the dynamo controller 3'. In this 
40 embodiment, the output shaft 2a of the engine 2 under 
test and the driving shaft 3a of the dynamometer 3 are 
detachably connected to each other through the clutch 
4. The symbol 1 0 represents the clutch actuator which 
drives clutch 4. The symbol 5' represents the throttle of 
45 the engine 2 under test and this is driven by the throttle 
actuator 5, and the opening degree of the throttle is con- 
trolled. The symbols 8 represents the torque sensor 
provided in the driving shaft 3a of the dynamometer 3, 
and the symbol 9 represents the torque amplifer which 
so amplifies the output of the torque sensor 9 appropri- 
ately. 

[0070] The symbol 6 represents the computer as a 
simulator which controls the entire apparatus, and the 
symbol 41 represents a signal conditioner unit. The 
55 computer 6 performs a computation based on an input 
from an input apparatus (not shown) and based on sig- 
nals from various sensor such as the torque sensor 8 
provided in the apparatus, and outputs commands to 
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various portions of the apparatus. The signal condi- 
tioner unit 41 is an interface having AD converting func- 
tion and DA converting function. The signal conditioner 
unit 41 AD-converts signals from various sensors such 
as a torque sensor 8, DA-converts command from the 5 
computer 6, and output commands to various portion of 
the apparatus such as the dynamo controller 3', the 
clutch actuator 10 and the throttle actuator 5. 
[0071] The above-described structure is the same 
as that of the conventional engine testing apparatus. 10 
Characteristics of this invention resides in that com- 
mands based on a temperature pattern are output to 
various temperature adjusting devices provided around 
the engine 2 under test from the computer 6 which con- 
trols the entire apparatus. This will be explained with ref- 15 
erence to Fig. 12. 

[0072] Fig. 12 is a schematic view showing a struc- 
ture of a system for controlling a temperature of a cool- 
ing tank of a radiator mounted to an engine 2 under test. 
In Fig.12, the symbol 42 represents a radiator mounted 20 
to the engine 2 under test, and the symbol 43 repre- 
sents a radiator tank for cooling the radiator 42. The 
engine 2 under test and the radiator 42 are connected to 
each other through a water-sending pipe 45 for supply- 
ing cold water 44 from the radiator to the engine 2 under 25 
test and a water-returning pipe 47 for returning warm 
water 46 from the engine 2 to the radiator 42. The sym- 
bol 48 represents a water-supplying pipe connected to 
the radiator tank 43. The water-supplying pipe 48 is 
connected to a water source (not shown) and includes a 30 
solenoid valve 49. The symbol 50 represents a water- 
discharging pipe connected to the radiator tank 43. The 
symbol 51 represents a temperature adjusting device 
for outputting a signal for opening and closing the sole- 
noid valve 49. By appropriately opening or closing the 35 
solenoid valve 49, the cold water from the water source 
is supplied to the radiator tank 43, thereby cooling the 
radiator 42. 

[0073] Fig.13 is a block diagram showing one 
example of a control system in the engine testing appa- 40 
ratus. In Fig.13, the symbol 52 represents a target pat- 
tern generator which is provided in the computer 6 so as 
to output a target speed signal Vr for allowing the 
engine 2 under the test to run in the actual vehicle at a 
predetermined running pattern. The symbol 53 repre- 45 
sents a simulation vehicle control system which con- 
verts a target speed signal Vr from the target pattern 
generator 52 into a control target torque, and controls 
the torque control system 54 including the engine 2 
under test, so that the engine 2 under test outputs in a so 
state where the actual vehicle running is simulated. The 
structure and function of each of the target pattern gen- 
erator 52 and the simulation vehicle control system 53 
are the same as those of the conventional engine test- 
ing apparatus. 55 
[0074] The symbol 55 represents a temperature 
control system for control a temperature of the engine 
cooling water 44 supplied to the engine 2 under test to 



a predetermined temperature. The temperature control 
system 55 includes a delay correction control circuit 56 
for correcting a response delay of a measured tempera- 
ture with respect to a temperature instruction value of 
the temperature adjusting device 51 , and a temperature 
feedback controller 57. A temperature target value Orl 
output from the target pattern generator 52 is input to 
the delay correction control circuit 56. That is, the target 
pattern generator 52 outputs the temperature target 
value Orl to the temperature control system 55 in 
accordance with time series temperature pattern (the 
horizontal axis shows time, and the vertical axis shows 
temperature (°C) shown with the symbol 58 in Fig.12. 
[0075] The operation of the engine testing appara- 
tus having the above-described structure will be 
explained. In the computer 6 which controls the entire 
apparatus, a time series pattern (time series tempera- 
ture pattern) 58 of a temperature of the engine cooling 
water obtained when the actual vehicle running was 
tested in accordance with the running pattern on the 
chassis dynamo is previously stored as a program. The 
time series temperature pattern 58 is input to the target 
pattern generator 52, thereby outputting the tempera- 
ture target value Orl of the engine cooling water 44, and 
this is input to the cooling water temperature control 
system 55. Since the cooling water temperature control 
system 55 is provided with the delay correction control 
circuit 56, the . delay correction control circuit 56 early 
outputs a temperature target value Octl so as to correct 
the response delay of the measuring temperature with 
respect to the temperature instruction value of the tem- 
perature adjusting device 51 . 

[0076] The temperature target value Octl, the cur- 
rent (actual) actually measured temperature Ta and a 
deviation Oe are Pl-controlled for example by the tem- 
perature feedback controller 57, and a control signal is 
output to the temperature adjusting device 51 . Based on 
this control signal, an opening signal or a closing signal 
is sent to the solenoid valve 49 from the temperature 
adjusting device 51, and temperature of the engine 
cooling water 44 is varied with time in the same way as 
that of the actual running test. 

[0077] As explained above, temperatures around 
the engine 2 under test includes the engine cooling 
water temperature, the fuel temperature, the intake air 
temperature, the exhaust gas temperature and the lubri- 
cant temperature. It is necessary to control these tem- 
peratures respectively, and there are provided 
temperature adjusting devices (not shown). Therefore, 
in Fig.13, as shown with symbols 55A, 55B, • • • , if the 
temperature control systems respectively correspond- 
ing the fuel temperature and the like are constituted in 
the same way as the temperature control system 55, 
and they are controlled in the same manner, it is possi- 
ble to reproduce the temperature environment of the 
actual vehicle of the various portions around the engine 
2 under the test, and the engine behavior close to the 
actual vehicle can be obtained. Therefore, high simula- 
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tion accuracy can be obtained. 

[0078] In the above embodiment, to the tempera- 
ture control systems 55,55A,55B, • • • , commands 
based on the temperature pattern obtained based on 
temperature data of various portions around the engine 
obtained when the actual vehicle running was tested in 
accordance with the running pattern on the chassis 
dynamo are set, but a temperature pattern based on a 
virtual pattern may be set. In this case, it is possible to 
arbitrarily carry out the simulation of a virtual vehicle by 
adding various conditions. 

[0079] As explained above, according to the engine 
testing apparatus described in claim 4, a temperature 
around the engine can be reproduced in the same way 
as the actual vehicle running by the chassis dynamo, 
the engine behavior is extremely close to the actual 
vehicle running, the accuracy of the simulation can be 
enhanced, and the engine performance can be tested in 
a state close to the actual case. 

[0080] According to the engine testing apparatus 
described in claim 5, it is possible to simulate a virtual 
vehicle, and it is possible to utilize the test in design of 
various engine. 

Claims 
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1. A method for preparing a map to be used for con- 
trolling an engine testing apparatus or a vehicle 
testing apparatus, said method comprising the fol- 
lowing steps: 30 

- varying an opening degree of a throttle valve of 
an engine from its fully closed position to its 
fully opened position while keeping a rotation 
number of said engine at a constant value, 
thereby measuring and storing a series of 
torque values of said engine corresponding to 
said opening degree of said throttle valve, 
repeating the previous step at least two times 
while using different values of engine rotation 
numbers, respectively, 

- converting said series of measured torque val- 
ues into torque curves by fitting all measured 
torque series by approximation procedures, 

- displaying all fitted torque curves in one single 
X-Y plane. 

if two of said fitted torque curves intersect, cor- 
recting one of the intersecting torque curves 
such in that the corrected torque curve remains 
positioned next to the closest torque curves, 
respectively, however without any intersec- 
tions, and 

- preparing the map on the basis of above 
obtained torque curves. 
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A method as claimed in claim 1, characterized in 
that said correcting procedure is mainly constituted 
by artificially setting a value Y1 which is the inter- 



secting point of the torque curve to be corrected 
with an ordinate of said X-Y plane on a new value 
Y4 which is defined by the formula 
IY4I = (IY2I+ IY3l)/2 , wherein Y2 and Y3 are the 
intersecting points of that torque curves with said 
ordinary between which the major part of said 
torque curve to be corrected is positioned, and by 
adopting said torque curve to be corrected to said 
new value Y4 using approximation procedures. 

i. A method for preparing a map to be used for con- 
trolling an engine testing apparatus or a vehicle 
testing apparatus, said method comprising the fol- 
lowing steps: 

a) measuring and storing a series of open- 
ing/closing speed values of a throttle valve of 
an engine, said series of said opening/closing 
speed values being generated by driving said 
engine or vehicle according to a driving pat- 
tern, 

b) calculating an average value from said 
measured series of opening/closing speed val- 
ues, 

c) varying an opening degree of said throttle 
valve with a opening/closing speed value being 
equal to that of said calculated average value 
while keeping an rotation number of said 
engine at a constant value, thereby measuring 
and storing a series of torque values of said 
engine corresponding to said opening degree 
of said throttle valve, 

d) converting said series of measured torque 
values into torque curves by fitting all meas- 
ured torque series by approximation proce- 
dures, 

e) repeating the steps c) and d) while using dif- 
ferent rotation numbers, respectively, 

f) preparing the map from the torque curves 
obtained above. 

4. A method as claimed in claim 3, characterized in 
that steps b) to f) are replaced by the following 



g) calculating a first and a second average 
value from said measured series of open- 
ing/closing speed values, 

h) varying an opening degree of said throttle 
valve from its closed to its fully opened position 
with a opening/closing speed value being equal 
to that of said said first average value while 
keeping an engine rotation number at a con- 
stant value, thereby measuring and storing a 
series of torque values of said engine corre- 
sponding to said opening degree of said throt- 
tle valve. 

i) repeating step h) while using different rota- 
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tion numbers, respectively, 
k) varying said opening degree of said throttle 
valve from its fully opened to its closed position 
with a opening/closing speed value being equal 
to that of said said second average value while 5 
keeping an engine rotation number at a con- 
stant value, thereby measuring and storing a 
series of torque values of said engine corre- 
sponding to said opening degree of said throt- 
tle valve, w 
I) repeating step k) while using different rotation 
numbers, respectively, 

m) preparing the map from the torque curves 
obtained above. 

15 

5. An engine- or vehicle testing apparatus, comprising 
a dy nanometer connected to an output section of 
an engine to be tested, a dynamo controller, an 
actuator for controlling a throttle opening degree of 
said engine, said dynamo controller and said actu- 20 
ator being controlled by a controlling unit, and tem- 
perature adjusting devices, which receive 
temperature commands based on a temperature 
pattern to control the temperature profile said 
engine during the test, respectively, wherein said 25 
temperature pattern is based on data obtained from 
temperature measurements of different portions of 
said engine during driving said engine according to 

a driving pattern. 

30 

6. An engine- or vehicle testing apparatus as claimed 
in claim 5, characterized in that said temperature 
commands are based on a temperature pattern 
artificially created. 



40 
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